Effective medications for drug abuse remain a largely unmet goal in biomedical science. Recently, the (+)-enantiomers of naloxone and naltrexone, TLR4 antagonists, have been reported to attenuate preclinical indicators of both opioid and stimulant abuse. To further examine the potential of these compounds as drug-abuse treatments, we extended the previous assessments to include a wider range of doses and procedures. We report the assessment of (+)-naloxone and (+)-naltrexone on the acute dopaminergic effects of cocaine and heroin determined by in vivo microdialysis, on the reinforcing effects of cocaine and the opioid agonist, remifentanil, tested under intravenous self-administration procedures, as well as the subjective effects of cocaine determined by discriminative-stimulus effects in rats. Pretreatments with (+)-naloxone or (+)-naltrexone did not attenuate, and under certain conditions enhanced the stimulation of dopamine levels produced by cocaine or heroin in the nucleus accumbens shell. Furthermore, although an attenuation of either cocaine or remifentanil self-administration was obtained at the highest doses of (+)-naloxone and (+)-naltrexone, those doses also attenuated rates of food-maintained behaviors, indicating a lack of selectivity of TLR4 antagonist effects for behaviors reinforced with drug injections. Drugdiscrimination studies failed to demonstrate a significant interaction of (+)-naloxone with subjective effects of cocaine. The present studies demonstrate that under a wide range of doses and experimental conditions, the TLR4 antagonists, (+)-naloxone and (+)-naltrexone, did not specifically block neurochemical or behavioral abuse-related effects of cocaine or opioid agonists.
INTRODUCTION
Glia express the Toll-like receptor 4 (TLR4), a pattern recognition receptor that in the central nervous system reacts to potential toxic insults, triggering the release of proinflammatory and neuro-excitatory mediators (see Lee et al (2012) for review). Recent studies suggest that morphine can activate glia inflammatory responses by binding to TLR4 through an accessory protein, myeloid differentiation protein 2 (Hutchinson et al, 2010) , an effect that may explain some opioid actions (Watkins et al, 2009) . Interestingly, (+)-naloxone and (+)-naltrexone, inactive enantiomers of the corresponding (− )-opioid receptor antagonists (Iijima et al, 1978) , have been found to dock to TLR4 using 'in silico' models, and have antagonist effects at this site in vitro and in vivo (Hutchinson et al, 2008; Lewis et al, 2012) . Recently, these compounds were shown to blunt the tolerance and dependence that develops to opioid agonists, as well as the self-administration of opioid agonists and cocaine Northcutt et al, 2015) . Further, place conditioning and elevations in dopamine (DA) levels in the nucleus accumbens shell (NAS) produced by opioids and cocaine were reported to be blunted by (+)-naltrexone and (+)-naloxone Northcutt et al, 2015) . Together, these findings suggest a role for TLR4 in drug abuse to both opioids and psychostimulants, as well as an approach to the development of treatments for substance abuse disorders (Bachtell et al, 2015) .
The reinforcing effects of drugs abused by humans are believed to be mediated by several specific mechanisms that converge on activation of DA neuronal signaling from the ventral tegmental area (VTA) to the NAS (Di Chiara et al, 1993; Koob and Volkow, 2010) . Opioids increase NAS DA levels by reducing the inhibitory control of VTA GABA neurons on DA neuronal firing that facilitates DA release from the NAS DA nerve terminals (Di Chiara and North, 1992; Johnson and North, 1992; Tanda et al, 1997a) . Indirect DA agonists, such as cocaine and amphetamines, increase synaptic DA levels in the NAS by interacting with the DA transporter (DAT) at presynaptic DA nerve terminals (Pontieri et al, 1995; Tanda et al, 1997b) . However, the studies by Hutchinson et al (2012) and Northcutt et al (2015) suggest that TLR4 antagonists inhibit opioid and cocaine reinforcement through an initial blockade of TLR4 receptors. Thus, they have hypothesized that TLR4 signaling induced by drugs of abuse from the very first administration may produce reinforcing actions, possibly through the same dopaminergic VTA-NAS neuronal pathways, but by a neuroinflammatory response (Hutchinson and Watkins, 2014) . These findings suggest a novel mechanism of action shared among different classes of abused drugs that is distinct from the well-studied dopaminergic mechanisms (Di Chiara et al, 1999; Di Chiara et al, 1998; Wise, 1998) .
The importance of the TLR4 hypothesis is amplified by the lack of effective therapies for substance use disorders and their substantial societal and medical consequences. However, there are several other findings that may temper the promise of reported interactions among TLR4 antagonists and abused drugs. In particular, recent studies have not confirmed involvement of TLR4 in morphine-induced tolerance or dependence (Fukagawa et al, 2013; Skolnick et al, 2014; Stevens et al, 2013) or the attenuation of tolerance produced by the microglial inhibition (Fukagawa et al, 2013) . Further, a recent paper (Mattioli et al, 2014) demonstrated with in vivo studies that morphine-induced tolerance, hyperalgesia, and physiological dependence was retained in TLR4 genetically modified null mice. Other studies have shown that opioids, including morphine at low concentrations potentiate, whereas higher concentrations inhibit, lipopolysaccharide-induced activation of NF-κB, a protein controlling cytokine production and expression (Roy et al, 1998) . Inhibition of NF-κB activation produced by morphine or fentanyl was not blocked by opioid antagonists, naloxone or β-FNA, which themselves noncompetitively inhibited NF-κB activation (Stevens et al, 2013) .
On the basis of the published findings about TLR4 involvement in substance use disorders Northcutt et al, 2015) , the present study further examined the influence of (+)-naloxone and (+)-naltrexone, TLR4 antagonists on several effects of cocaine and opioids directly related to their abuse under a variety of procedures. Given the different, but convergent, acute mechanisms of action of stimulants and opioids on NAS DA (Pontieri et al, 1995; Tanda et al, 1997a; 1997b) , the present study assessed and extended the effects of different doses of (+)-naltrexone and (+)-naloxone, on acute dopaminergic responses to heroin and cocaine as an index of DA neurotransmission . Microdialysis experiments were conducted under several different experimental conditions. In addition, the effects of (+)-naloxone and (+)-naltrexone were assessed on the self-administration of the opioid agonist, remifentanil, or cocaine. Finally, the effects of (+)-naloxone were assessed on the subjective effects of cocaine assessed by drugdiscrimination procedures without the need for surgical preparation as surgical operations could potentially trigger TLR4-mediated inflammatory responses.
MATERIALS AND METHODS
The online Supplementary Information includes a version of the methods which should be consulted for all details. The following is an abbreviated description.
Subjects
All subjects in these studies were experimentally-naive male Sprague-Dawley rats (Taconic Farms, Germantown, NY, or Charles River, Wilmington, MA), 275-350 g.
Compounds
The following drugs were used: (+)-naloxone HCl and (+)-naltrexone HCl.2H 2 O (stereochemically pure synthesized and kindly donated by Dr Kenner Rice, NIDA IRP, Drug Design and Synthesis Section; Iijima et al, 1978) . These compounds were identical to those used previously Theberge et al, 2013; Northcutt et al, 2015) . Other compounds used and their sources are provided in the Supplementary Information.
In vivo Brain Microdialysis
Probes had an active dialyzing surface of 1.8-2.0 mm, and in experiments 1-4 rats were implanted during surgical procedures (uncorrected coordinates (Paxinos and Watson, 1998) in mm from bregma: anterior 2.0, lateral ±1.0, vertical 7.9 (from dura)) under a mixture of ketamine and xylazine anesthesia (60.0 and 12.0 mg/kg, i.p., respectively), as described previously (Garces-Ramirez et al, 2011; Tanda et al, 2005; 2007) . In experiment 4 a group of rats was implanted with probes under isoflurane anesthesia, and results were compared with those obtained with ketamine/ xylazine. For experiment 5, guide cannulas (BAS, Lafayette, IN) were used and unilaterally implanted at the following uncorrected coordinates (Paxinos and Watson, 1998) in mm from bregma: anterior 1.8, lateral ± 1.0, vertical 5.5 (from dura). These subjects recovered from 5 to 12 days (nominally 1 week) or 19 to 22 days (nominally 3 weeks) before the implant of the probe, which extended about 2.5 mm from the guide cannula, but with only 1.8-2 mm of dialyzing surface. These probes were almost identical to those used for experiments 1-4, but the stainless-steel shaft was mounted on the empty skeleton of a BAS microdialysis probe in order to perfectly fit with the BAS guide cannula. For experiments 1 and 2, a silastic catheter was implanted into the right external jugular vein during the same surgical procedure to allow intravenous (i.v.) injections (Garces-Ramirez et al, 2011; Tanda et al, 2008) . Please note that in experiments 1 and 2, at 70 min after the first, a second identical dose of (+)-naltrexone was administered again to ensure continued elevated levels of the compound during assessments of the effects of the highest doses of heroin or cocaine.
Experiments were performed on freely moving rats in hemispherical CMA-120 cages (CMA/Microdialysis AB, Solna, Sweden),~22-24 h after probe implant. Dialysates were sampled every 10 min (1.0 μl/min) and immediately analyzed. After reaching stable DA values (2-4 consecutive samples, o10% variability), rats were treated with drugs. DA was detected in dialysate samples by HPLC coupled with a coulometric detector (Coulochem II or III, ESA, Chelmsford, MA), all chromatographic conditions are as reported previously (Tanda et al, 2009) . Data were only used from subjects for which probe tracks were within the correct NAS boundaries (Pontieri et al, 1996; Tanda et al, 1997a; 1997b;  see Supplementary Figure 1 ).
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Microdialysis results were expressed as a change in DA concentrations calculated as the percentage of basal DA values. One-way ANOVA was applied to evaluate potential differences in basal NAS DA values from different treatment groups. Two-, or three-way ANOVA, for repeated measures were applied to microdialysis results, using time, drug-dose, and (+)-opioid-pretreatment as factors, with significant results subjected to Tukey's post hoc test. In experiment 1 and 2, where three different doses of heroin or cocaine were administered 30 min apart from each other, drug-dose, time, and (+)-naltrexone pretreatment were used as factors in the three-way ANOVA.
Behavioral Studies
Experimental sessions were conducted daily with subjects placed in operant-conditioning chambers. Self-administration procedures used were the same as those used in Hutchinson et al (2012) and Northcutt et al (2015) . Subjects were initially trained with food reinforcement to press the right lever, and were subsequently trained under a fixed ratio (FR) five-response schedule of reinforcement (each fifth response produced a food pellet). One group of subjects continued with food reinforcement (n = 12), whereas subjects in the other groups (n = 18) were surgically implanted (under ketamine/xylazine anesthesia) with chronic indwelling jugular vein catheters and after recovery trained to selfadminister cocaine. Both food and cocaine sessions were divided into five 20-min components, each proceeded by a 2-min timeout (TO) period in which responding had no consequences. Different cocaine doses or food amounts were available in each component in order to assess their effects on response rates. In the first component neither drug nor food was unavailable (also referred to as extinction, or EXT, because responses had no scheduled consequences).
Response rates were determined by dividing responses by elapsed time in each component, excluding the TO periods that followed drug injections or food presentations (and their delivery times). Statistical analyses were carried out with one-, two-, or three-way ANOVA, using component (dose or food amount) and pretreatment as factors for repeated measures with significant results subjected to Bonferroni post hoc test.
During cocaine discrimination procedures, lever-press responses were intermittently reinforced (FR 20) only on one lever after cocaine (10 mg/kg i.p.) and the other lever after saline injection. The percentage of cocaine lever responding was calculated by dividing the number of responses on the cocaine-associated lever by the number of responses on both levers. Rates of responding were calculated by dividing the total numbers of responses by time and are expressed as percentage of saline (control) rate of responding. These data are shown as mean values (± SEM) for groups of five subjects at each drug dose.
RESULTS

Neurochemistry
No significant differences (p40.05) were found in basal NAS DA concentrations among experimental control and (+)-opioid treated groups (ANOVA, F 13,67 = 1.23, p = 0.276). Average basal DA values, n = 81, in 10 μl dialysates collected in 10 min samples from probes implanted in the rat NAS (see Supplementary Figure 1 ) were 38.5 ±2.21 fmoles ± SEM.
In experiment 1, heroin (10.0 to 32.0 μg/kg, i.v.) produced a dose-related stimulation of DA levels in the NAS (Fig. 1a , filled symbols). No significant difference was found between saline and s.c. (+)-naltrexone pretreatments on heroininduced stimulation of DA. A 3-way ANOVA showed significant effects of heroin dose (F 3,44 = 9.73, po0.001), and time by heroin dose (F 6,88 = 3.03, po0.01), but nonsignificant effects of time, pretreatment, time by pretreatment, dose by pretreatment, and time by dose by pretreatment interactions. The post hoc tests showed significant (po0.05) increases in DA after heroin doses of 0.018 and 0.032 mg/kg compared with their respective basal values for all saline and (+)-naltrexone pretreated groups.
In experiment 2, cocaine (0.1-1.0 mg/kg, i.v.) also produced a dose-related stimulation of DA levels in the NAS (Figure 1b In experiment 3, cocaine administered i.p. (10 and 20 mg/kg) also dose-dependently and significantly stimulated DA levels in dialysates from the NAS (Fig. 2 A, B) . A twoway ANOVA showed significant effects of cocaine dose, time, and the time by dose interaction (F 1,14 = 46.86, po0.001; F 9,126 = 21.21, po0.001; F 9,126 = 5.38, po0.001, respectively). Pretreatment with (+)-naltrexone (17 mg/kg, s.c.) did not significantly modify the dopaminergic effects of cocaine 10 mg/kg (i.p.), though there was a trend toward a greater cocaine-induced stimulation of DA compared with saline (Fig. 2a) . A two-way ANOVA showed a significant effect of time (F 9,126 = 14.82, po0.001), though neither significant effects of (+)-naltrexone pretreatment (NS) nor the pretreatment by time interaction (NS). Pretreatments with (+)-naltrexone (17 and 32 mg/kg s.c.) were similarly ineffective in modifying the dopaminergic effects of cocaine at 20 mg/kg (i.p.), though there was a trend toward an enhancement of cocaine effects after the 32 mg/kg dose of naltrexone ( Figure 2B) . A two-way ANOVA showed a significant effect of time (F 9,180 = 42.00, po0.001) and nonsignificant effects of pretreatment (NS) and pretreatment by time interaction (NS).
Anesthetic agents, in experiment 4, did not alter the effects of cocaine on DA levels ( Figure 2C ). However, when animals were pretreated with (+)-naloxone (2 × 2.5 mg/kg, s.c., 10 min apart) before 10 mg/kg i.p. cocaine (the treatment regimen reported effective by Northcutt et al, 2015) , a greater stimulation of DA levels was found compared with saline controls ( Figure 2C) . A two-way ANOVA indicated significant effects of (+)-naloxonepretreatment (F 2,10 = 5.19, po0.05), and time (F 2,20 = 3.81, po0.05), but not significant time by (+)-naloxone-pretreatment interaction (F 4,20 = 0.26, NS).
Implanting guide cannulas 1 or 3 weeks before the microdialysis assessments, as in experiment 5, did not significantly alter the DA response to 10 mg/kg cocaine compared with that obtained when probes were implanted without guide cannulas the day before (Figure 2d ). In addition, this surgical procedure did not render effects of (+)-naloxone (2 × 2.5 mg/kg, s.c.) pretreatment significantly different from vehicle controls. However, there was a significantly longer lasting cocaine-induced increase in DA levels after (+)-naloxone compared with saline pretreatment ( Figure 2D) . A three-way ANOVA indicated non-significant effects of 1-or 3-week cannula-surgery group (F 1,15 = 1.31, NS), and pretreatment (F 1,15 = 0.91, NS); however, significant effects of time-course (F 9,135 = 41.46, po0.01), time by cannula surgery-time group interactions (F 9,135 = 2.77, po0.01) and time by (+)-naloxone-pretreatment interaction (F 9,135 = 2.70, po 0.01) were obtained. Finally, non-significant effects of cannula surgery-time-group by (+)-naloxone-pretreatment interaction (NS) as well as the interaction of time, cannula surgery-time-group, and (+)-naloxone-pretreatment (NS) were obtained.
Behavioral Studies
Cocaine maintained rates of responding at 0.10 and 0.32 mg/ kg/inj that were significantly greater than those obtained with saline in the corresponding components of the session (Figure 3a) . None of the opioid antagonists or their (+)-enantiomers maintained rates of responding substantially above those maintained by vehicle ( Supplementary  Figure 2) . The cocaine self-administration dose-effect curve was not altered by most doses of (− )-naltrexone (Figure 3b ) or (+)-naloxone ( Figure 3c ). Two-way ANOVA indicated significant effects of (+)-naloxone pretreatment dose (ANOVA, F 5,100 = 7.47, po0.001), cocaine dose (ANOVA, F 4,100 = 6.33, p = 0.002), and their interaction (ANOVA, F 20,100 = 3.86, po0.001). Post hoc tests indicated that the highest dose of (+)-naloxone (56 mg/kg) significantly decreased rates of responding maintained by cocaine at 0.010 (t = 4.96, po0.001), 0.032 (t = 7.54, po0.001) and 1.0 (t = 3.07, p = 0.015) mg/kg ( Figure 3C ). In addition, pretreatment with increasing doses of (+)-naltrexone produced dose-related decreases in the maximal self-administration of cocaine ( Figure 3D ). Two-way ANOVA indicated significant effects of (+)-naltrexone pretreatment dose (ANOVA, F 5,100 = 5.73, p = 0.001), cocaine dose (ANOVA, F 4,100 = 8.55, po0.001), and their interaction (ANOVA, F 20,100 = 4.65, po0.001). These decreases were significant (as indicated by post hoc tests) at 32 (t = 5.81, po0.001) and 56 (t = 4.98, po0.001) mg/kg of (+)-naltrexone.
The opioid agonist, remifentanil, when substituted for cocaine, maintained response rates with an inverted U-shaped function of dose (Figure 3e , filled symbols), which were greater than those obtained with saline at doses above 0.1 μg/kg/inj (compare filled symbols, Figure 3e , with open circles in Figure 3a) .
The opioid antagonist ( − )-naloxone (s.c.) dose-dependently shifted the remifentanil self-administration dose-effect curve to the right (Figure 3e ). The lowest dose (0.01 mg/kg) was without effects while the three-and ten-fold higher doses shifted the remifentanil dose-effect curve to the right. The highest dose (0.32 mg/kg) produced an antagonism that was insurmountable over the range of remifentanil doses examined. A similar dose-dependent antagonism of remifentanil self-administration was produced by ( − )-naltrexone (Figure 3f) .
Showing expected opioid-receptor stereospecificity, (+)-naloxone (s.c.) was without effects on remifentanil selfadministration up to 32 mg/kg (Figure 3g ), a dose 1000-fold greater than the minimally effective dose of its ( − )-enantiomer. At 56 mg/kg (+)-naloxone significantly decreased maximal remifentanil self-administration. Post hoc tests indicated significant decreases at remifentanil doses of 0.32, 1.0, and 3.2 μg/kg/inj. Similarly, pretreatments with increasing doses of (+)-naltrexone (s.c.) produced dose-related decreases in the maximal self-administration of remifentanil ( Figure 3H ). Two-way ANOVA indicated significant effects of remifentanil dose (ANOVA, F 4,100 = 6.19, p = 0.002), significant effects of (+)-naltrexone pretreatment dose (ANOVA, F 5,100 = 3.18, p = 0.023), and their interaction (ANOVA, F 20,100 = 2.96, po0.001). Post hoc tests indicated that both 32 (t = 3.33, p = 0.007) and 56 (t = 4.55, po0.001) mg/kg, significantly decreased the maximal self-administration of remifentanil.
The TLR4 antagonists (+)-naloxone and (+)-naltrexone produced dose-related decreases in food-maintained responding (Figure 4 , filled symbols, and also Supplementary  Figure 3 ), which were significant at the highest doses. The potencies for decreasing food-maintained responding (Figure 4, circles) were not different from the potencies of these drugs to decrease the maximal rates of responding maintained by remifentanil (Figure 4 , triangles up) or cocaine injections (Figure 4 , triangles down). .) with (+)-naltrexone (17 mg/kg) did not significantly modify the dopaminergic effects of cocaine 10 mg/kg, i.p., though there was a trend toward a greater increase in dopamine levels as compared with that obtained after saline pretreatment (a). Pretreatments (s.c.) with (+)-naltrexone (17 and 32 mg/kg) were similarly ineffective in modifying the dopaminergic effects of 20 mg/kg (i.p.) of cocaine, with a trend toward an enhancement of effects at the higher dose (b). (c) Results from microdialysis experiment 4, time course of cocaine 10 mg/kg i.p., on DA levels in dialysates from the NAS, 10 min after pretreatments with (+)-naloxone (NAL), 2.5 mg/kg or saline, s.c., which was also administered again at the same time with cocaine administration, as conducted by Northcutt et al (2015) . In this experiment we used different groups of rats surgically implanted with probes under ketamine or isoflurane anesthesia. Data are expressed as percentage of basal values ± SEM. Regardless of surgical anesthetic used, a significantly greater stimulation of DA levels was found in rats pretreated with NAL compared with control rats pretreated with saline before cocaine. (d) Results for microdialysis experiment 5, time course of cocaine 10 mg/kg i.p., on DA levels in dialysates from the NAS, 10 min after pretreatments with saline or NAL, 2.5 mg/kg, s.c., which was also administered again at the same time with cocaine administration, as conducted by Northcutt et al (2015) . In this experiment we used different groups of rats surgically implanted with guide cannulas 5-12 days (1W) or 19-21 days (3W) before the implant of the microdialysis probes. Data are expressed as percentage of basal values ± SEM.
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Subjects trained to discriminate cocaine, 10.0 mg/kg i.p., vs saline, i.p., injections showed a dose-related increase in the percentage of cocaine-appropriate responses as dose was increased up to the training dose (Figure 5a , top panel, filled circles). Neither saline nor (+)-naloxone, either i.p. or s.c., administered alone produced a maximum level of drugappropriate responses that exceeded 12% (Figure 5a, top  panel, open symbols) . The absence of cocaine-like responding was obtained across the range of doses from those having no effect to those that decreased response rates (Figure 5a  bottom panel) . Neither (+)-nor ( − )-naloxone pretreatment appreciably altered the discriminative-stimulus effects of cocaine when administered in combination by either i.p. or s.c. routes (Figures 5b and c upper panels) .
DISCUSSION
The present results indicate that in vivo antagonism at TLR4 receptors with the (+)-enantiomers of opioid antagonists does not significantly reduce the increased DA levels induced by acute administration of heroin or cocaine in rats. The lack TLR4 and drug addiction G Tanda et al of effect was obtained under a variety of experimental conditions including a wide range of (+)-naloxone or (+)-naltrexone doses as well as different routes of administration. Indeed, in several experiments the effects of pretreatments with the TLR4 antagonists enhanced rather than attenuated cocaine-induced DA increases. Further, although both (+)-naloxone and (+)-naltrexone reduced opioid agonist or cocaine self-administration, those reductions were obtained at relatively high doses of the (+)-enantiomers which also decreased comparable foodmaintained responding. These results suggest that the effects of tested (+)-opioids on cocaine or opioid self-administration are owing to a non-specific behavioral disruption.
The present microdialysis results contrast with previous reports in which (+)-naloxone or (+)-naltrexone attenuated the increases in nucleus accumbens dopamine produced by morphine or cocaine Northcutt et al, 2015) . Several procedural differences between those utilized previously and those of the present studies were experimentally addressed in an attempt to reconcile the differences between outcomes. In one experiment the fast onset/offset of dopaminergic effects of i.v. heroin administration were evaluated. Three i.v. heroin doses were administered spaced 30 min apart. We try to antagonize the dopaminergic effect of heroin with larger doses of TLR4 antagonist compared with those originally used in microdialysis tests in Hutchinson et al (2012) . However, doses of the antagonists were in the same range of those administered in Hutchinson et al (2012) and Northcutt et al (2015) to antagonize i.v. self-administration of remifentanil, another μ-opioid receptor agonist, or cocaine. Then, in a different experiment, the effects of the anesthetic used for implanting dialysis probes was examined, as our initial experiments used a ketamine/xylazine combination compared with the isoflurane used in the published reports. However, a lack of effects of (+)-naloxone on cocaine-induced stimulation of DA levels was observed using either anesthetic. Both ketamine and isoflurane have been reported to impact neuro-inflammation, with acute and long-lasting effects (Lockwood et al, 1993; Miyazaki et al, 1997; Wu et al, 2008; Xiang et al, 2014; Xiao et al, 2015; Zhao et al, 2011) . Further, changes in glutamate, GABA, and calcium ++ oscillation signaling have been reported after isoflurane anesthesia (Miyazaki et al, 1997; Xiang et al, 2014; Zhao et al, 2011) . Therefore, a difference depending on anesthetic agent was a distinct possibility, though that influence is more likely at 24 h than several days after surgery, as in the previous experiments Northcutt et al, 2015) . Nonetheless, we tested subjects in which guide cannulas were surgically implanted~1 or 3 weeks before, with microdialysis probes lowered into the NAS through the guides without anesthesia, 24 h before tests. Neither the effects of cocaine alone nor the absence of (+)-naloxone effects on the DA response to cocaine were altered by the different surgical procedures.
Although the behavioral effects presently reported largely replicate results from previous reports Northcutt et al, 2015) , the interpretation of the data differs from previous studies in light of results from foodreinforced responding; neither of the (+)-enantiomers were substantially more potent in their effects on selfadministration than they were on responding maintained by food reinforcement. Those similar potencies indicate that the decreases in responding produced by (+)-naloxone or (+)-naltrexone were generalized behavioral disrupting effects of the drugs (likely owing to the administration of large drug doses resulting in non-specific effects), and not a reflection of specific effects on the self-administration of abused drugs.
The highest dose of (− )-naltrexone examined in the present study, 32 mg/kg, had no effect on the selfadministration of cocaine, whereas that dose of (+)-naltrexone decreased cocaine self-administration. In contrast, previous reports of TLR4 antagonist effects of the enantiomers have indicated that they are equipotent with regard to TLR4 antagonist effects (Hutchinson et al, 2011; Wang et al, 2016) . The differences in potency for decreasing cocainemaintained responding compared to the similar potencies for TLR4 antagonism suggest that the former effects are not due to TLR4 antagonism. The non-selective decreases in response rates produced by the high doses of (+)-naloxone and (+)-naltrexone may be related to the reported functional blockade of GABA-inhibitory systems previously reported for high doses of ( − )-naloxone (Dingledine et al, 1978) .
The subjective effects of cocaine were assessed in the present study using a drug-discrimination procedure. Neither (+)-naloxone by s.c. or i.p. routes of administration produced significant alterations of the discriminativestimulus effects of cocaine. As with self-administration, the discriminative-stimulus effects of cocaine are thought to be involved in its abuse liability. Importantly with regard to the issues discussed above about surgical procedures, the absence of (+)-naloxone effects occurred in a procedure free of surgical preparation, but related to the abuse liability of cocaine, further suggesting a lack of TLR4 involvement in the abuse liability of cocaine.
The neuro-inflammation process that has been described after morphine or cocaine administration might be expected to require time and possibly extended exposure to the drugs (n = 6). All pretreatment drugs were administered s.c. at 5 min before sessions. Behavioral effects of (+)-naloxone and (+)-naltrexone appeared to be non-specific for drugs of abuse as they were obtained at doses that also decreased comparable behavior maintained by food reinforcement.
TLR4 and drug addiction G Tanda et al (Campbell et al, 2013; Taylor et al, 2016; Zhang et al, 2011) . Extended exposure was not a part of the neurochemical studies reported here, nor those reported previously. However, Theberge et al (2013) reported that chronic delivery of (+)-naltrexone via minipumps during the withdrawal phase decreased ''incubated cue-induced heroin seeking'' in rats. This effect was not replicated with acute injections of (+)-naltrexone, which had no effect on methamphetamine seeking. Further, that study did not compare the effects of treatments on comparable responding maintained by a non-drug reinforcer to assess the specificity of the effect (Theberge et al, 2013) . If extended exposure is integral to the neuro-inflammatory response to drugs of abuse, it seems unlikely that TLR4 antagonism would produce a complete blunting of acute dopaminergic stimulant effects of cocaine or morphine as reported previously Northcutt et al, 2015) . Moreover, a pathway for TLR4 antagonism of (1) cocaine actions mediated by neuronal membrane DAT in dopaminergic terminal areas, such as NAS, and (2) opioid attenuation of inhibitory control of VTA GABA neurons on DA neuronal firing producing elevations of DA in NAS provided by glia remains to be identified.
Recently, a morphine-induced neuro-immune mechanism independent of TLR4 has been demonstrated in morphinedependent animals (Ferrini et al, 2013) . Through this mechanism, there is a loss of chloride ions resulting from microglia-derived BDNF reducing expression and function of potassium-chloride cotransporter 2. Such dysregulation in VTA could interfere with reinforcing or other behavioral effects of abused drugs in morphine-exposed animals, suggesting a potential new target for opioid abuse (Taylor et al, 2016; .
In conclusion, the previously described in vivo neurochemical findings reported by Hutchinson et al (2012) and Northcutt et al (2015) were not reproduced in the present study. Various doses were utilized as well as changes in methods to closely approximate those used in the previous Figure 5 Effects of (+)-naltrexone on the discriminative-stimulus effects of cocaine. Abscissae: drug dose in mg/kg (log scale). Ordinates: upper panels, percentage of responses on the cocaine-appropriate lever; lower panels, percentage of response rate after saline administration. Each point represents the mean ± SEM (n = 5). All drugs were administered i.p. or s.c. at 5 min before sessions. (a, top) Substitution of saline or (+)-naloxone for cocaine. No dose of (+)-naloxone produced cocaine-like discriminative-stimulus effects regardless of the route of administration (i.p. or s.c.). (a, bottom) As already shown for the self-administration results, high doses of (+)-naloxone decreased response rates. (b, c) No dose of (+)-naloxone administered in combination with cocaine blocked the discriminative-stimulus effects of cocaine, regardless of the route of (+)-naloxone (i.p. or s.c.) administration. When combined with cocaine, the decreases in response rates produced by (+)-naloxone were attenuated compared to its effects alone.
TLR4 and drug addiction G Tanda et al studies without a better approximation of the previous neurochemical results. Alternatively, similar behavioral results were obtained with both TLR4 antagonists decreasing either cocaine or opioid agonist (remifentanil) selfadministration. However, those decreases appeared to be non-specific as they were obtained at doses that also decreased comparable behavior maintained by food reinforcement. Taken together the present results do not suggest a selective involvement of TLR4 signaling in NAS DA neurotransmission, nor in cocaine or opioid reinforcement.
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